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Current bench tests for organi c vapor respirator cartridge and canister
sorbents requi re successful perfornance against airborne concentrations of
carbon tetrachloride for NIOSH approval. However, these tests are not
sufficiently indicative of the perfomance of respirator sorbents against the
wi de variety of organic vapors that may be encountered in an industrial
environnent. (Qonsequently, at Haskell Laboratory for Toxicol ogy and
Industrial Medicine, we have set up a respirator cartridge and cani ster

eval uation programto determne the breakthrough time and service-life of
these protective devices agai nst hazardous chemcal vapors or gases that nay
be encountered at our plant locations. The vapors or gases selected for
testing are suggested by industrial hygienists who have visited the plant on
surveys and find that while corrective action is being taken to control or
eliminate exposures, tenporary protective devices such as respirator
cartridges or canisters are needed. This is particularly true for hazardous
vapors that either have poor warning properties or for which there is concern
about the possible toxicity. Additional factors at the plant location such as
relative humdity and mxed atnospheres of vapors also nmay influence the
perfornance of these devices, hence, cartridge or canister testing is proposed.

Qur cartridge and canister eval uation programis modelled after the system
designed by Gary Nel son of the Lawerence Livermore Laboratory, University of
California, reported in a series of articles in the Arerican Industrial

Hygi ene Associ ation Journal.(1-8) chal | enge upstream ai rborne
concentrations are generated at current Threshol d Limit Val ues, at 50%
relative humdity, at breathing rates of 60 liters per mnute and passed

t hrough sel ected cartridges or canisters until breakthrough occurs downstream
on the breathing side. 'Both upstreamand downstream concentrations are

noni tored continuously by anal ytical methods specific and sensitive to the
vapor concentration. Three cartridge pairs or individual canisters are

eval uated per test condition. Both relative humdity and flowrate are al so
nonitored continuously for the duration of the test. Al tests are run until
a 10% br eakt hr ough concentration is found downstream

Atypical setup is shown in Figure 1. Houseline air is nonitored through a
calibrated flowmeter, a conplete saturati on humdifying system consisting of
a heating elenent, flask of water and a condenser, then through the test
cartrdige or canister to a filter trap and dry test neter downstream The
vapor or gas is introduced into the air flow by an appropriate generation
system upstreamfromthe cartridge or canister, where it can be nonitored,
mxed and diluted to the desired test concentration. A three-way Teflon

val ve located just upstream from the cartridge or canister allows for
by-passing the cartridge or canister until upstreamtest conditions and
concentration have equilibrated. Both upstreamand downstream sampling ports
allow for continuous monitoring of the concentration by appropriate sanpling
and anal ytical techniques. GContinuous monitoring of the relative humidity and
tenperature is accomplished With a Humi-Temp (ontroller from Phys-Chemical
Research Corporation, New York. (onstant humdity solutions are used to
calibrate this instrument at the desired test humdity and tenperature.
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Oone of the nice features of this set up is the flexibility it permts for
inter-changing different types of cartridges or canisters. By sinply
substituting a stainless steel cartridge holder in place of a canister _
different types and sizes of cartridges can be tested. This systemcan al so
be set up conveniently in a laboratory hood where peripheral sanpling and
anal ytical devices easily can be attached. The set up as shown has been used
for the evaluation of about fifteen different organic vapors at our

| aboratory. Recently, two simlar systens have successfully been set up at
two other plant locations in our conpany.

Results from these eval uati ons have shown that there are three najor factors
that influence breakthrough tines. They are concentration, relative humdity
and anmount of sorbent. Two other contributing factors relating to the

physi cal and chemcal properties of the vapor or gas are the boiling point and
reactive groups. Exanples of how each of these factors influence breakthrough
times can be seen fromcartridge and canister eval uations conducted with
acrylonitrile and acrolein, tw of the fifteen organic vapors tested with this
system

Acrylonitrile and acrol ein both have simlar chemcal structures, nolecul ar
wei ghts and odor thresholds greater than their Threshold Limt Val ues
(TLV's). Their current permssible exposure limts are 2 ppmand 0.1 ppm
respectively. Both vapors have di sagreeabl e odors, particularly acrolein.
Acrylonitrile is nowclassified as a suspect carcinogen in man and therefore
no exposure, as detected by the nost sensitive nethod is permtted. Table |
shows the physical and chemcal properties of both conpounds. Note that
except for a difference of 25° in boiling points and different reactive
groups both conpounds are quite simlar.

Results of the evaluations of cartridges and canisters tested separately
against both acrylonitrile and acrolein vapors are show in Tables 11-1v. Al
cartridges and canisters tested were fromMne Safety and Appliance (M) and
were specified for use with organic vapors. There were three different sizes
of canisters, a chin-type, industrial size and vcM-ss type, each havi ng

i ncreasing amounts of charcoal. They were all evaluated in triplicate as
recei ved fromthe nanufacturer at a constant flowrate of 60 liters per mnute
and at anbient roomtenperature. Various test conditions of concentration, '
relative humdity and amount of sorbent were used to determ ne perfornance.

Upst ream ai rborne concentrations of acrolein and acrylonitrile were generated
by a syringe injection pump that continuously introduced liquid droplets into
the air flow Acrolein was anal yzed by the spectrophotometric nethod reported
in the NCBH Manual of Anal ytical Methods(®), while acrylonitrile was

anal yzed by a gas chromatographic nethod devel oped at our |aboratory.

Br eakt hr ough was det erm ned when an amount of acrylonitrile and acrol ein

equi val ent to 10% of the upstream concentration was found downstreamon the
breat hi ng si de.
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Mol ecul ar Vi ght
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Specific Gavity
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TABLE 1
Acrylonitrile
CHZ-C-HCN
53
77°C
0.81
2
21

Acrolein
H
CH, - C- QD
56
53°C
084
0.1

0.2



Protective
Vapor Devi ce
Acrol ein MSA, organi c
vapor cartridge
MBA, industrial
cani ster

Acrylonitrile Msa, organic
vapor cartridge

MBA, industrial

canister

MBA, industrial
cani ster

MBA, industrial
cani st er
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TABLE ||
Amount Anal yti cal
of adsorbent Conc., Br eakt hrough Time
gms Ppm hour s
50 1(1) 0.17
420 4 0.17
50 250{2) 3
40 10 87
420 139 30
420 1228 6

() Minimum Detectable rimit Acrolein 0.01 ppm (Vv/v)

(2 MnimmDetectable Limt Acfyl onitrile 0.7 ppm (v/v)



Protective
Vapor Cevi ce

Acrylonitrile Msa, industrial
cani ster

N

N

TABLE |||
Amount Anal ytical Breakthrough
of Adsorbent $RH conc. Ti ne
Ons ppm hour s
420 7 10 94
420 50 10 87
420 90 10 16



Vapor

Acrylonitrile

Protecti ve

Device

MBA

cani ster
MBA i ndustri al

MBA VCM-SS

TABLE |V
Anount Anal yti cal
of Adsorbent conc . Br eakt hr ough Ti ne
gms ppm hour s
220 10 64
420 10 87
760 20 158
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The data reported in Table Il illustrate that even though acrylonitrile and
acrol ein both have similar chenmical structures, and molecular Wei ghts they do
not behave the same when adsorbed on charcoal sorbent. Apparently, the

al dehyde functional group on acrolein is not adsorbed readily by charcoal
and, therefore, no natter how much charcoal is present it passes right
through in about 10 mnutes. Acrylonitrile, on the other hand, with the
nitrile group attached, has a greater affinity for charcoal and is retained,
resulting in a |longer breakthrough tine. Note also that the breakthrough
time decreases with increasing concentration of acrylonitrile, indicating the
inverse relationship between concentration and adsorption capacity of
charcoal sorbent.

Results of the effect of relative humdity on the breakthrough tinme of
acrylonitrile are shown in Table Ill. About a five fold decrease in

breakt hrough time was found at a analytical concentration of 10 ppm and 90%
RH, conpared to that neasured at 50% RH Fi gure 2, shows a plot of
breakt hrough tinme vs. relative humdities.

In Table 1V results of the evaluation of chin type canisters, industrial size
and one |arge type vcM=ss canister against acrylonitrile vapor demonstrate
that breakthrough tines are proportioal to the amount of charcoal present in
the canisters. The chin-type canisters had one half the anmount of charcoal
found in the industrial size canister while the VOMSS canister had al nost
two tines the anount of carbon sorbent. The breakthrough tinmes found for the
respective canisters were approxinately two thirds and two tines the

breakt hrough time observed in the industrial size canister. Figure 3, shows
a plot of the breakthrough times of the three types of canisters vs. the
amount of charcoal .

Results of these evaluations with acrylonitrile and acrolein illustrate that
breakt hrough times are unpredictable for different types of conpounds and
that by measuring breakthrough tiroes at conditions that may be encountered at
plant locations a better estinate of the protective capacity of cartridges
and canisters can be obtained. This infornation can be utilized by our
industrial hygienists in selecting and recommending cartridges or canisters
with established service lives and performance data obtained experinentally
fromour eval uati on program.

NWH: jms
9/ 3/ 80



FIGURE 1.

1 7890912

€
% ﬂ Carlridoe Support 3
o N
g —
AN | 3
=[ Upstream T{!/fllono - Downstream ®
Z! Condenser- ~© Impingers(4) ave _ Implngers (2) . - g
E Humidy ~ - '
= Probe k3 _
e B ——
IR E . \ o | N
= | Mixiny : :
_..J-_ 4 Chamber - Canisier : :
B icollBams —t>- {Y |, T -
Humidilier ——- : : 1 Y -1 — Y X ' Filler
. Syringe L ! : s _
{ [._—— H,O q=== In{ecl on T ' 1 | rap
|-} —|-|—
oo | ||| SE =M
’ — . & '
Power Stat Recorder Humidity o Upstream Downstream ) DI'y Test
Indicator Flow Meter Flow Meter - Flow Meter

1 UMin : 1 L/Min

-8GT-



FIGURE 2
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Figure 2
[Fran penry, € a1 @ama Journa, 40, 1017-1022, 1979), with permission]
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